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Abstract of article:

In the past few years, modeling and simulation (M&S) engineers have made impressive strides in
their ability to improve ground vehicle reliability and Soldier safety. A recent physics-based,
computational study called “Blast-on-the-Move” conducted by a TARDEC team epitomizes the
steady progress in M&S capabilities applicable to defense acquisition. Typically, live-fire testing
and evaluation (LFT&E) focuses on the effects of underbody blasts on a stationary vehicle. This
research on the effects of a blast on moving vehicles was awarded the 2012 Army Materiel
Command (AMC) Systems Analysis award.

Body:

During the period October 2011 — April 2012, the U.S. Army Tank Automotive Research,
Development and Engineering Center (TARDEC) team dedicated significant time and effort
toward deeper analysis and understanding on the dynamics of the underbody IED blast events on
moving ground vehicles (also called “Blast on the Move”). In its effort to support the analysis, a
multi-fidelity, multi-temporal M&S methodology was developed and successfully applied
towards reconstruction of theater IED events.
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An IED blast event from blast-off to return to ground (RTG) lasts for about 500-2500
milliseconds (ms) depending on the vehicle, threat and threat location. Since occupant injuries
can happen in both stages (blast-off and RTG) of the event, it is imperative to analyze both of
them in a multi-temporal fashion. For a successful analysis of such an event, innovative
computational modeling is essential in understanding underbody blast effects on a moving
vehicle structure and its occupants because it provides in-depth information on the overall
physics of the event, with access to tremendous amounts of data and visualization.

Local Global Drop Down Subsequent
Effects Effects Effects Effects
Shockwave Vehicle motion From peak height to Roll over
" and impact to ground Frontal crash
o5 Local High variation
g-.a deformation
El': . * Vehicle jum = Vehicle fall due to gravi
L g . Egﬁ';,’,’,’gff{;’e . Maximujm jupmp « Effects from impact to 2
o bends height ground
=N Possible rupture
or fragmentation

« Strong vibration

0.5-5ms 10-20ms 100-300ms 1000ms 5000ms
Shockwave  Vehicle starts Vehicle

reaches to move reaches max
bottom plate jump height

Definition of Blast Event (NATO HFM-090) (Ref 2)

Theater IED events involving vehicles moving in a convoy have always sparked considerable
concern because the effects of IEDs are seemingly accentuated by the vehicle’s forward velocity,
especially as it pertains to vehicle flip-overs and rollovers. This has been a hotly discussed topic
among the blast T&E (Test and Evaluation) and ground vehicle survivability community - All
Live-Fire testing and Evaluation (LFT&E) has been done to date on stationary vehicles while the
majority of the blast events in theater operations occur on moving vehicles. The team took the
initiative in developing a computational methodology to be able to analyze vehicle performance
not only during the blastoff phase but through the entire event (blastoff through return to
ground). In doing so, the team was able to do an operational evaluation of vehicles moving at
different velocities when subjected to an underbody blast.
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The TARDEC team developed a two-phased, multi-temporal strategy in which a high-fidelity
M&S model was used to simulate the blast-off phase, and a Reduced Order Model (ROM) was
utilized to capture the vehicle free flight phase including vehicle flip-overs. In the first phase of
the analysis, the team used high fidelity models including detailed vehicle structures along with
occupants and analyzed the effects of the vehicle’s forward velocity during blast-off. This model
captured the complex phenomena that occur during this very brief time, namely, the interaction
between the charge’s detonation, soil, air and the vehicle’s underbody. The vehicle structural
performance including hull and floor deformations and occupant injury responses were analyzed.

Using the same high-fidelity approach from the first blast-off phase for the longer second phase
is a prohibitively expensive and a time-consuming proposition from a computational viewpoint,
even when executed on the TARDEC’s High Performance supercomputers. Therefore, for the
second phase of the analysis, the team utilized a Reduced Order Model to simulate the vehicle
free flight until RTG. The innovative manner in which the geometry as well as the blast loading
were modeled to a reduced order and yet obtain accurate predictions of vehicle global behavior
in a timely manner is critical to the success of this methodology.

During this second phase, the vehicle’s flip-over tendencies and the effect of forward velocity on
these flip-overs were analyzed in detail. The team has also introduced the concept of “flip-over
characteristic curves” which are vehicle-specific descriptors of the combinations of the three
variables (speed, charge size and charge offset) that will flip the vehicle over in an underbody
blast. For example, in the left figure below, the red region conceptually represents the
combinations of charge size and offset that will result in a vehicle flipping over when moving at
a certain speed. On the right figure below, the region shaded between the two curves shows the
effects of forward velocity. This region represents scenarios where, the same charge size and
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center-of-gravity (c.g.) offset will result in a moving vehicle being flipped over, but not the same
vehicle when stationary.
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The benefits of this methodology are far-reaching and significant. Indeed, in some areas,
successful application of this methodology is already in progress and described below:

e Theater Reconstruction: Previously, theater reconstruction analysis involved primarily
the structural damage observed during the blast-off phase, such as impact location,
deformation, breach, etc. Now, it is also possible to consider the longer-term vehicle
kinematic observations in event storyboard reports such as rollover/flip-over to
reconstruct the IED event.

The TARDEC team has effectively applied this analysis strategy in the reconstruction of
a recent theater IED blast event. Using these tools, the team estimated the Net Explosive
Weight (NEW) of the Home-made-explosives (HME) for a recent Stryker theater event
and presented the findings to the Intelligence and Survivability community of practice at
the National Ground Intelligence Center (NGIC) meeting. The TARDEC team will
continue to apply this analysis methodology in reconstructing other theater events for
vehicles such as Mine Resistant Ambush Protected (MRAP) and MATV (MRAP All-
terrain VVehicle).

e Standards and Specifications: For forward-looking Science and Technology (S&T)
programs such as the Occupant-Centric Platform (OCP) Technology-Enabled Capability
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Demonstrator (TECD) project, such analyses provides insight into whether testing with
moving vehicles should be recommended as part of the LFT&E protocol.

Additionally, the flip-over characteristic curve described earlier should be highly relevant
as new design standards are evaluated for future consideration in acquisition programs.

e Product Development: The methodology is invaluable during the design development,
fielding and sustainment phases of both the wheeled and tracked vehicles; firstly, as a
toolset to help meet any specification related to characteristic curves, and secondly, in the
design of active countermeasures to keep the vehicle from flipping over once the
tendency to do so is sensed by onboard sensors.

e Testing and Evaluation (T&E): A new Blast on the Move test range is currently being
stood up in Aberdeen Proving Grounds (APG), Maryland, and this M&S capability can
be used to help design the test and vehicle setup to get the most useful information out of
the tests. LFT&E tests and especially Blast on the Move tests are expensive, and this
analysis has the potential to reduce Army testing and evaluation costs significantly. This
will also enable faster turnaround of many parametric design and sensitivity studies of
various operational excursions, which are too numerous to test individually. Thus, by
supplementing the physical testing, the overall evaluation of vehicle performance is
enhanced.

In summary, with this analysis capability, the Army has the computational M&S capability to
design superior vehicle systems for better crew survivability with reduced test costs to protect
Soldiers from the ever-increasing threats of landmine blasts.
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